Recently Ciufolini has suggested to use the perigee of the proposed LARES/WEBER-SAT satellite in order to measure the secular precession which would be induced on such Keplerian orbital element by a weak-field modification of gravity occurring in some Brane-World scenarios put forth by Dvali. This precession amounts to 0.004 milliarcseconds per year for an Earth orbiting satellite. In this paper we show that, according to the recently released EIGEN-CG01C Earth gravity model which combines data from the dedicated CHAMP and GRACE missions, the quite larger systematic errors due to the Newtonian part of the terrestrial gravitational potential would vanish any attempts to detect a so small effect. Improvements in our knowledge of the Earth's gravitational field of, e.g., up to four orders of magnitude in the low degree even zonal harmonics would be required. Also the obtainable observational accuracy in reconstructing the LARES orbit rules out the possibility of measuring the Dvali effect with the perigee of LARES.
Introduction
In a recent paper [1] Ciufolini has suggested to test Brane-World theories with the perigee of the proposed LARES satellite.
More precisely, according to [2] , certain string theories scenarios lead to weak-field modifications of gravity which yield a secular advance of the argument of pericentre ω of a test particle freely orbiting a central body of mass M .
The Earth artificial satellite LARES [3, 4] was proposed in order to measure the post-Newtonian general relativistic Lense-Thirring effect on the 
where r c = 6 gpc 1 = 1.8514068 × 10 23 km and r g = 2GM/c 2 = 0.886 cm for the Earth. The Dvali secular rate for any object orbiting the Earth along a circular orbit amounts to 0.004 milliarcseconds per year (mas yr −1 ) only.
In [1] an erroneous value of 0.04 mas yr −1 is reported. In this letter, after an evaluation of the level of the observational accuracy which could be reached, we will mainly deal with some of the systematic errors of gravitational origin which are induced by the classical multipolar expansion of the terrestrial gravitational potential. The presented analysis will show that the measurement proposed by Ciufolini is unfeasible, at least according to the present-day level of accuracy of the Earth gravitational field from the dedicated CHAMP and GRACE missions. Indeed, improvements of, e.g., four orders of magnitude in the low degree even zonal harmonic coefficients of the geopotential would be required.
The measurement accuracy
From ∆r = ea∆ω, it can be obtained that the accuracy in measuring the perigee precession over a given observational time span can be expressed as δω = δr/ea. By assuming a RMS error of 1 mm in reconstructing the LARES orbit over, say, one year for a given set of dynamical force models 1 1 parsec (pc)=3.085678 × 10 13 km.
one gets δω = 0.4 mas. With 2 a = 36000 km and e = 0.28, as also suggested in [1] , and by assuming a RMS error of 1 cm, the accuracy in the perigee would amount to 0.2 mas. Note that the adopted values for the obtainable accuracies in r are optimistic; for example, the mm accuracy has not yet been fully achieved for the existing LAGEOS satellites.
The systematic errors of gravitational origin
The perigee of an Earth artificial satellite is affected by various kinds of long-period (i.e. averaged over one orbital revolution) orbital perturbations induced by the Newtonian Earth's geopotential [6] . The most insidious ones are the secular rates induced by the even (ℓ = 2, 4, 6...) zonal (m = 0) harmonic coefficients J ℓ of the geopotential which account for the departure of the Earth from an exact spherical shape. Their explicit expressions up to degree ℓ = 20 can be found, e.g., in [7] . The largest precession is induced by the Earth's quadrupole mass moment J 2 . For a moderate eccentricity its analytical expression is
where n = GM/a 3 is the unperturbed Keplerian mean motion and R is the Earth's equatorial mean radius.
In [1] it is proposed to launch LARES in the so called frozen-perigee orbit characterized by the critical value of the inclination, i = 63.4 deg, for which the J 2 -precession of eq.(2) vanishes. Moreover, it seems that Ciufolini suggests to use the LARES data together with those from LAGEOS and LAGEOS II in order to measure the Lense-Thirring as well.
We will now show that such proposals are unfeasible.
The impact of the even zonal harmonics of the geopotential
Indeed, apart from the fact that the unavoidable orbital injection errors would prevent to exactly insert LARES in orbit with the required inclination, it turns out that the impact of the other uncancelled precessions induced by the even zonal harmonics of higher degree, along with their secular variations, would totally swamp the Dvali effect. In Table 2 we use the [8] in order to calculate the mismodelled residual classical precessions on the perigee of LARES by assuming i = 63.4 deg. It can be easily seen that the mismodelled precessions induced by the first seven even zonal harmonics are larger than the Dvali precession. Due to the extreme smallness of such an effect, it is really unlikely that the forthcoming Earth gravity models from CHAMP and GRACE will substantially change the situation. This rules out the possibility of using only the perigee of LARES.
The linear combination approach
In regard to the possibility of suitably combining the Keplerian orbital elements of the existing LAGEOS satellites and of the proposed LARES [10, 11, 12] in order to reduce the impact of the systematic errors of the geopotential on the proposed measurement, it is unfeasible as well. Indeed, the perigee is also affected, among other things, by the postNewtonian general relativistic Einstein precession [13] , whose nominal value for LARES is 3280.136 mas yr −1 , and by the Lense-Thirring effect, which, for i = 63.4 deg, nominally amounts to -41.466 mas yr −1 . This means that if we want to measure the Dvali precession independently of such quite larger Newtonian and post-Newtonian effects we would need ten Keplerian orbital elements in order to write down a linear system of ten equations in ten unknowns (the first seven even zonal harmonics, the Dvali effect and the two relativistic precessions) and solve it for the Dvali precession. Instead, we would have at our disposal, in principle, only four reliable Keplerian orbital elements 3 : the longitudes of the ascending node Ω of LAGEOS, LAGEOS II and LARES-which are affected by the Earth's geopotential and by the Lense-Thirring effect but not by the Dvali force-and the perigee of LARES. They would only allow to cancel out the general relativistic effects and just one even zonal harmonic.
The impact of the odd zonal harmonics
The perigee of an Earth artificial satellite is also affected by long-period harmonic perturbations induced by the odd (ℓ = 3, 5, 7...) zonal (m = 0) harmonics of the geopotential. The largest perturbation is induced by J 3 : it has a sinusoidal signature with the period of the perigee. Its analytic expression is
3 Note that the other routinely and accurately laser-tracked SLR satellites which could, in principle, be considered are Ajsai, Starlette and Stella: the useful orbital elements are their nodes and the perigee of Starlette. However, since they orbit at much lower altitudes than the LAGEOS satellites they would practically be useless. Indeed, they are sensitive to much more even zonal harmonics of the geopotential so that they would greatly increase the systematic error induced by them.
For i = 63.4 deg the period of the perigee of LARES, given by eq. (2), is of the order of 10 5 days; moreover, the second term of the left-hand-side of eq.(3) does not vanish. This means that the perigee of LARES in the critical inclination would be affected by an additional semisecular bias due to J 3 which, over an observational time span of some years, would resemble a superimposed linear trend. According to EIGEN-CG01C, its mismodelled effect would be ≤ 0.5 mas yr −1 . This additional bias should be accounted for both in the perigee-only scenario and in the linear combinations scenario.
Conclusions
In this paper we have shown that the systematic errors induced by the classical multipolar expansion of the terrestrial gravitational potential rule out the possibility, suggested by Ciufolini, of using the perigee of the LARES satellite in order to test the Brane-World scenario proposed by Dvali. Indeed, according to the EIGEN-CG01C Earth gravity model from CHAMP and GRACE, the errors induced by the mismodelled even zonal harmonics would be up to three orders of magnitude larger than the Dvali precession of interest. Moreover, also the observational accuracy, evaluated with optimistic assumptions, would not be sufficient to measure the Dvali precession of LARES perigee.
